Characterization of a salt inducible co-chaperone like cDNA clone from soybean. by Wong, Cheuk Hon. & Chinese University of Hong Kong Graduate School. Division of Life Sciences.
Characterization of a Salt Inducible Co-chaperone Like 
cDNA Clone from Soybean 
WONG, Cheuk Hon 
A Thesis Submitted in Partial Fulfilment 
of the Requirements for the Degree of 
Master of Philososphy 
in 
Biology 
The Chinese University of Hong Kong 
August 2011 
Thesis/Assessment Committee 
Professor FUNG, Ming Chiu (Chair) 
Professor LAM, Hon Ming (Thesis Supervisor) 
Professor HE, Junxian (Committee Member) 
ii 
Statement: 
All experiment works reported in this thesis were performed by the 
author, unless stated the otherwise. 
Wong, Cheuk Hon 
iii 
Abstract 
Plants are sessile and unable to escape from adverse environment as animals. 
Families of diversified molecular chaperones have been evolved to minimize the 
damaging effects and enhance tolerance during different stresses. 
Chaperones are proteins which help to fold other unfolded or misfolded 
proteins by cycles of binding and releasing, while the final conformation of 
chaperone remains unchanged. Different stresses cause physiological changes at 
cellular level, which leads to disruption of conformation of some essential proteins. 
Chaperones help refolding of essential proteins and thus maintain their proper 
functions. 
There are 5 different classes of chaperones, the most studied one is 
DnaK(prokaryote)/Hsp70(eukaryote) class. This class of proteins with typical size of 
70KDa has the functions to fold the nascent polypepetide into its native form, refold 
the denatured protein into correct conformation, protect proteins from aggregation 
and lead misfolded proteins to proteasome for degradation. However, the proper 
function of chaperone may require the presence of a co-chaperone. For example, 
DnaJ/Hsp40 is a co-chaperone of DnaK/Hsp70, it assists the binding of unfolded 
proteins and releasing of ATP in Hsp70. 
A salt and ABA inducible gene, GmDNJl was identified by suppression 
subtractive hybridization. DNA sequence analysis suggests that GmDNJl is a 
co-chaperone. Previous studies in Dr. Hon-Ming Lam's lab showed that the gene 
product of GmDNJl exhibits co-chaperone activity. Expression study showed that 
GmDNJl was induced under NaCl, NaHCOs, PEG, heat and PQ treatment. Ectopic 
expression of GmDNJl in transgenic Arabidopsis and Tobacco BY2 cell did not 
enhance the abiotic stress tolerance under salt, osmotic, heat and oxidative stress. 
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Yeast two-hybrid result may suggest the GmDNJl may function as (1) ribosome 
tether co-chaperone which helps the Hsp70 to refold new polypeptide during 












他的蛋白酶体進行降解。不過，所有DnaK (原核生物)/ HspVO (真核生物)都一定 
要有辅陪伴分子才能正常運作。而其中Dnal源核生物)/Hsp40 (真核生物)就是 
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Chapter 1 Introduction 
1.1 Food insecurity and abiotic stress 
According to the “The State of Food Insecurity in the World" (FAO, 2010b) by 
FAO in 2010, the number of undernourished population in the world was 925 
million. 29 countries faced food insecurity, external food assistance was required 
(FAO, 2010a). After the major crops price dropped from "pre-crisis" level in 2008, 
the number of undernourished people rose to historical high in 2009 and was 
predicted to drop for the first time in 15 years in 2010 (Fig. 1). The major reasons of 
decrease in undernourished population were decrease in food price and recovery of 
the global economy in 2010. 
(Adopt from FAO) 
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Fig. 1.1 The number of undernourished population in the world from 1969 to 
2010 The number of undernourished population was predicted to rise to historical in 
2009 and dropped in 2010. The solid line indicated the recorded data; the dash line 
indicated predicted numbers. 
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However, the newest major crops price in 2011 increases to new high. 
The market prices of 3 major crops, such as maize, soybean, com reach to new high 
in 2011 (Fig. 2). The number of undernourished population is expected to rise to a 
new historical level. The increase in crop price is mainly due to the uncertainty of 
crop production, extreme weather events in 2011, growing demand for crop in 
energy industry and investment purpose. 
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Fig. 1.2 The average annual price of 4 major crops from 2006 to 2011 
The market prices of soybean, maize and wheat rise to new historical high in 2011. 
The market price of rice rebounded in 2009 
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To reduce the number of unnourished population in the world, the goal of 
scientific world is to increase the crops productivity. The major limitations of the 
crops productivity are the area of arable land and abiotic stress. 
Arable land is a limited resource, the quality of the arable land cannot be 
improved in a short time. However, the trend of losing arable land in developing 
countries is clearly seen. Because of the growing population and socio-economic 
development of developing countries, the usage of the arable land is changed from 
farming to other functions (Doos, 2002). 0.1-4 Mha of arable land is predicted to 
loss every year (US Aid, 1998; Kendall and Pimentel 1994; Doos and Shaw; 1999). 
Moreover, increase in salinization of arable land may result in 30% land loss in the 
next 25 years (Wang, 2003). The trend of losing arable land is significant. 
In addition, abiotic stress is the major factor that reduces crops productivity. 
More than 50% reduction of average yield of major crops is caused by abiotic stress 
(Bray et al, 2000). The increase in salinity mentioned also reduces the crops yield. 
By studying the abiotic stress perception, signaling transduction pathways and 
abiotic stress tolerance mechanisms, researchers may be able to manipulate the 
natural abiotic stress responsive components which improve the abiotic stress 
tolerance of crops, thus increases the productivity of crops and reduces the 
unnourished population. 
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1.2 Overview of the molecular basis of salt tolerance in plants 
1.2.1 Stress perception 
The first step of salt tolerant mechanisms is to sense the changes in osmolality 
and salinity of extracellular environment. Absence in stress perception would not 
allow the co-evolution of salt tolerance mechanism downstream the signal 
transduction pathway. 
Until recently, researchers did not discover any salt sensor, but a histidine 
kinase, AtHKl was found to be an osmosensor in Arabidopsis thaliana. 
The first eukaryote osmosensor SLNl protein (SLNlp) was found in 
Saccharomyces cerevisiae with significant sequence similarity to bacterial 
osmosensor. SLNlp was a histidine kinase with an extracellular domain, a histidine 
kinase domain and a receiver domain. When the extracellular domain senses the 
decrease in osmotic potential outside the cell, the histidine kinase 
autophosphorylates and the phosphate group is transferred to the receiver domain. 
Then, the MAPK cascade will be activated and downstream genes are transcribed 
(Maeda et al” 1994). 
By Using PCR using degenerate primers of histidine kinase screening cDNA 
library prepared from dehydrated Arabidopsis. Arabidopsis thaliana histidine kinase 
1 (AtHKl) was identified. Introduction of AtHKl into temperature sensitive SLNl 
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mutant {slnl-ts) suppressed the lethality of the mutant suggests that AtHKl is 
function as SLNl in yeast. Introduction AtHKl cDNA into yeast double mutant 
slnlAsholA which lacks 2 osmosensors suppresses lethality in high salt condition 
and activates MAP kinase HOGl by phosphorylation. This shows the functional 
similarity between AtHKl and SLNL (Urao et aL, 1999) 
Microarray analysis of the athk mutant shows that the deletion of AtHKl gene 
downregulates many stress responsive genes and also some ABA inducible genes 
(Tran et aL, 2007).On the other hand, overexpressing AtHKl lead to accumulation of 
more ABA than the wild type (Wohlbach et aL, 2008). Moreover, the expression 
AtHKl gene is upregulated during dehydration treatment but no change in ABA 
treatment. By searching the upstream sequence of the stress responsive genes found 
by microarray, ABA responsive elements (ABRE) were found in some stress 
responsive genes (Wohlbach et aL, 2008). These findings suggested that AtHKl is 
upstream of ABA signaling pathway which is important for salinity and osmotic 
tolerance in plants. 
1.2.2 Signal transduction 
After signal perception by stress receptors, stress signals transduce to their 
downstream regulators and effectors. However, different stress has different 
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transduction pathway, some pathways cross-talk to each other and some are unique. 
The complexity of the signal transduction system increases the difficulty of 
investigation. In recent decade, several signal transduction systems were found. It 
increases our understanding how the plant transduces the signals, regulates the stress 
effectors and enhances the abiotic stress tolerance. 
1.2.2.1 ABA dependent pathway 
Abscisic acid (ABA) is a plant hormone which has a diversity functions in seed 
development, seed dormancy, seed germination, cell cycle regulation and abiotic 
stress response. ABA treatment on plant induces several genes which are induced by 
dehydration and cold stress. This may suggest that these two stresses are closely 
related (Zhu, 2002). The role of ABA in signal transduction during dehydration 
stress will be discussed. 
ABA biosynthesis 
The first step of ABA pathway is biosynthesis. Production of ABA increases the 
abiotic stress tolerance of plant. For example, 9-cis-epoxycarotenoid dioxygenase 
(NCED) catalyzes the intermediate step which converts epoxycarotenoids to 
xanthoxin (Kende and Zeevaart, 1997). Under drought stress, NCED is induced in 
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many plants such as Arabidopsis, maize and tomato, the induction leads to increase 
in ABA concentration (luchi et al., 2001). 
As the concentration of ABA is not only determined by the rate of synthesis, 
enzymes involved in ABA catabolism may be also important for ABA accumulation. 
ABA 8'-hydrolylase an enzyme found in ABA catabolism. Not much detail is known 
about this enzyme, but increase in ABA level by ABA treatment induces the 
expression of ABA 8'-hydrolylase gene (Saito et al., 2004). 
ABA response element (ABRE) and ABA response element binding 
factor (AREB) 
ABA response element (ABRE) which has the core sequence 5,-CACGTG-3’ is 
a cw-regulatory element in the promoter region of some stress responsive genes. 
During abiotic stress, ABA is induced. It stimulates the transcription of ABRE 
binding factors (AREB/ABFs) which is a basic leucine zipper (bZIP) transcription 
factor to bind the ABRE in the promoter upstream of stress responsive genes. 
Downstream genes, such as Rd29A and Rd20A are induced (Shinozaki and 
Yamaguchi-Shinozaki, 2007). The gene products are involved in stress response or 
stress tolerance 
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1.2.2.2 ABA independent pathway 
ABA is crucial in dehydration stress signal transduction. However, some genes are 
induced by dehydration but not ABA. This suggests the presence of ABA 
independent pathway in controlling the dehydration stress response. 
Dehydration responsive element (DRE) and dehydration responsive 
element binding protein (DREB) 
Dehydration response element (DRE) which has the core sequence 5'-
A/GCCGAC -3' is a c/^-regulatory element in the promoter region. During drought, 
cold and salt stress, many genes contain the DRE are induced. The transcription 
factors which are bind to DRE to stimulation the transcription of downstream genes 
are dehydration responsive element binding proteins (DREBs). 
The DREBs are classified to 2 groups, DREBl and DREB2 according to their 
abiotic stress response. DREBl is induced by cold stress but not dehydration or salt 
stress. In contrast, DREB2 is only induced by dehydration or salt stress but not cold 
stress (Shinozaki and Yamaguchi-Shinozaki, 2007). This suggests the close 
relationship between cold, salt and dehydration stress and their tolerance mechanisms. 
However, because of the different DNA binding affinity of DREBl and DREB2, the 
downstream genes may not be the same. Upstream of DREB 1 and DREB2 in ABA 
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independent transduction pathway is still unknown. 
Overexpression of DREBIA and DREBIB increases drought, salt and cold 
tolerance of transgenic Arabidopsis (Jaglo-Ottosen et al., 1998; Liu et al., 1998), but 
overexpression of DREB2A induces the expression of heat inducible genes and 
increase thermotolerance in transgenic plants (Sakuma et al., 2006) 
1.2.2.3 SOS pathway 
High Na+ concentration stimulates the influx of Ca^^ which activates the 
SOS2-SOS3 complex. This complex is a protein kinase complex which activates the 
membrane Na^ H^ antiporter, SOS 1, to transport Na+ out of the cell by using the 
proton gradient. Moreover, other ion transporters, such as vacuolar H+-ATPase, 
vacuolar Na^ H^ antiporter may also be regulated by the SOS2-SOS3 complex. 
Co-expression of SOSl, SOS2, and SOS3 greatly increase the salt tolerance in yeast 
mutant (Zhu, 2002). This shows that the SOS pathway is very important to maintain 
the ion homeostasis during salt stress. 
1.2.3 Abiotic stress tolerance mechanisms 
After the perception of stress signal, and stress signal transduction, the genes 
responsible for abiotic stress tolerance are induced and perform special functions 
against the stress. The detail of abiotic stress tolerance mechanisms will be discussed 
in the following sections. 
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1.2.3.1 Ion transporters 
Under salt stress, high concentration of Na+ and CI' disrupts the ion 
homeostasis. By using the proton gradient, the toxic ions will either be pumped out 
of the cell membrane or sequestered into vacuole by the ion transporters. This 
reduces the toxicity of the ions and leads to restoration of ion content. 
Vacuolar and plasma membrane Na+/H+ antiporter (AtNHXl and SOSl) were 
discovered in Arabidopsis. During salt stress, AtNHXl transports Na+ to the vacuole 
and SOSl transport Na+out of cell membrane by using the proton motive force. 
Overexpression of AtHHXl and SOSl enhanced salt tolerance of transgenic 
Arabdiospis (Apse et al., 1999; Shi et al., 2002). 
1.2.3.2 Osmolytes 
Osmolytes are the solutes that accumulate during osmotic stress to maintain the 
turgidity of cell, thus increase the water intake. It is also suggested that osmolytes 
scavenge free radicals and stabilize proteins and membranes. 
There are 3 groups of osmolytes according to their chemical properties. These 
groups are amino acids, quaternary amines and polyol or sugars. 
By overexpression the enzyme for biosynthesis of osmolytes, osmotic stress 
tolerance of transgenic plants is enhanced. The osmolyte, proline which is an amino 
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acid, is used as example. 
The proline pathway begins in glutamate which is converted to 
A^-pyrroline-5-carboxylate (P5C) by P5C synthase (P5CS). Then P5C is converted 
to proline by P5C reductase (P5CR). As the limiting step of this pathway is P5CS, 
overexpression of P5CS gene increase 10 to 18 times more proline than the wild. 
This enhances the salt stress tolerance of transgenic tobacco (Kishor et al., 1995). 
1.2.3.3 Antioxidants and ROS scavenging genes 
Under abiotic stress, reactive oxygen species (ROS) are important signal 
transduction components which transduce the stress signal to downstream gene. 
However, sudden increase in ROS lead to oxidative stress, thus damage proteins, 
membranes and macromolecular in the cells. The evolution of ROS scavenging 
genes is to minimize the adverse effect of ROS. 
Catalase, superoxide dismutase (SOD), ascorbate peroxidase and glutathione 
reductase are the enzymes which catalyze the ROS to harmless form. Ascorbate, 
glutathione, carotenoids, anthocyanins and osmolytes are the chemicals that do the 
same function as above enzymes (Wang, 2003). 
Theoretically, overexpression of genes related to antioxidants biosynthesis or 
ROS scavenging reduced the harmful effect of ROS, thus increase the abiotic stress 
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tolerance. Overexpression of Cu/Zn-SOD in transgenic tobacco enhances its 
oxidative stress tolerance under strong light intensity (Gupta et al., 1993). 
1.2.3.4 Late Embryogenesis Abundant proteins 
Late embryogenesis abundant proteins (LEA proteins) are a group of proteins 
which accumulate during seed maturation. They are also induced by dehydration, 
cold stress. Expression study by treating ABA in plant reveals LEA protein gene is 
responsive to ABA. 
Although the structural diversity, most LEA proteins exist as random coiled 
a-helices. The hydrophobic and heat stable nature of the protein may protect other 
macromolecules, protein and membrane during abiotic stress. Ectopic 
overexpression of a barley LEA protein, HVAl in transgenic rice confers drought 
and salt tolerance (Xu et al., 1996). 
1.2.3.5 Heat shock factor, heat shock element and heat shock protein 
Heat shock factor (Hsf) is a type of transcriptional factor which is induced 
under heat stress or is induced by some chemical stressors. During evolution, plants 
have evolved more than 10 Hsfs, but only 1 to 3 Hsfs are found in other eukaryotes. 
For example, 21 and 15 Hsfs are found in Arabidopsis and tomato, but only yeast 
and Drosophila only get 1 Hsf (Koskull-Doring et al., 2007). 
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3 classes of Hsf are classified according to the oligomerization domain of Hsf. 
Class a Hsf (HsfA) contains unique C-terminal activation domain which activates 
the transcription of downstream genes. Class b and c Hsf (HsfB, HsfC) do not 
contain any activation domain, transcription activation is not possible. HsfB and 
HsfC do not have direct function alone, but help in repression of heat response (i.e. 
repress the transcription of HSE) (Kumar et al., 2009). 
During unstressed condition, the HsfA is in a pre-folded form. Nucleus 
localization signal (NLS) and oligomerization domain are not exposed, so the 
pre-folded form is localized in cytoplasm. During heat shock, the molecular 
chaperone, Hsp70 and 90 refold HsfA, NLS and oligomerization domain are 
exposed. 3 HsfA form a trimer and translocate into nucleus. The trimer binds to the 
heat shock element which contains the palindrome sequence (5‘-AGAAnnTTCT- 3，） 
of the promoter. Near the Near the C-terminal of HsfA, there is a site which recruits 
RNA polymerase to turn on the transcription of the downstream gene. Heat shock 
proteins (Hsps) are the most important downstream target of HsfA, including 
HsplOl, Hsp70, Hsp60 and sHsp (small Hsp) (Czamecka-Vemer et al” 1997; 
Koskull-Doring et al., 2007). 
The consequence of transcription of HSPs is to increase the thermotolerance of 
the plants which remain as a survivor in natural selection. 
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1.2.3.5.1 Hsp families 
About 40 years ago, a dish of Drosophila larvae was incubated under heat 
treatment accidentally. The change in puffing pattern of polytene chromosomes 
under heat treatment was speculated to be related to specific metabolic activities. 
(Ritossa, 1962) The metabolic activities are now related to the transcription of heat 
shock related genes which the protein products are called heat shock proteins 
(Hsps). 
5 families of heat shock proteins were historical classified according to their 
molecular size. Although different size of Hsps may have the same function, this 
classification is still using today (Wang, 2004). 5 families of Hsps are chaperonin 
(Hsp60), HspVO, Hsp 90, Hsp 100 and small Hsp (sHsp). 
Chaperonin (Hsp60) family 
Chaperonin was first discovered as Rubisco binding protein which helped the 
assembly of Rubisco in chloroplast. It has similar protein sequence to E. coli GroEL 
which is required in assembly of bacteriophage capsids. This type of protein which 
helps in assembly of translated proteins was defined as chaperonin (Hemmingsen et 
aL, 1988). Beside the classical function related to assembly, chaperonin prevents 
aggregation of translating partially folded proteins in ribosome and refolds unfolded 
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protein during de novo synthesis or under stressed condition by using ATP as energy 
source (Ellis, 1996). 
Hsp70 family 
Hsp70s have diverse functions in polypeptide folding, leading the denatured 
protein to degradation, translocation of protein across membrane and preventing 
protein aggregation (Kampinga, 2010). The ability of refolding of denatured protein 
is the most important function against different abiotic stress. However, Hsp70 has 
only very weak ATPase activity for refolding, it must be helped by its co-chaperone 
Hsp40 and nucleotide exchange factor (NEF). 
When protein is denatured, the J domain of Hsp40 binds to denatured protein 
and then interacts with the peptide binding domain of ATP binded Hsp70. ATP 
hydrolysis is stimulated by the J domain which cause conformational change of 
Hsp70 to refold the denatured protein. Then the NEF helps exchange of ATP and 
ADP and the refolded protein is released. The protein released is either fully folded 
or partially folded. If further folding is required, the protein will pass through the 
cycle again until folding is finished (Rajan, 2009). 
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The co-chaperone of Hsp70, Hsp40 
The target gene of this study, GmDNJl is one of the Hsp40 which is a 
co-chaperone of Hsp70. This will provide some basic background for GmDNJl. 
Under different stresses, plants are sessile and cannot escape from the hostile 
environment. During evolution, plants have evolved more Hsp40s than human to 
cope with the stresses (Rajan, 2009). By doing the genome wide search for Hsp40 or 
Hsp40 like proteins, 120 entries were found in Ambidopsis, but only 41 proteins 
were found in human (Kampinga, 2009). 
The major function of Hsp40 is the stimulation of ATPase activity of Hsp70. 
Some suggests that the binding between the misfolded or unfolded proteins to Hsp40 
mitigates the denaturation or aggregation. These functions are achieved by special 
protein structure of Hsp40. 
Hsp40 is classed into 3 groups according to the domain structures of the 
protein. Although, some proteins fall in the same group, their biological function 
may be different. 
Class I of Hsp40 contains a N-terminal J domain, Glycine-Phenylalanine 
(Gly-Phe) rich domain, 4 repeats of CxxCxGxG zinc finger motif, near C-terminal 
for binding client proteins and C-terminal for dimerization. Class II protein is 
similar to type one except it lack zinc finger motif. Class III includes all Hsp40 
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excluded from Class I and 11. However, in order to be classified to be Hsp40, a 
protein must contain a J domain. 
J domain is a highly conserved protein sequence which contains about 70 
amino acids. 4 helixes structured are found in J domain. Between the helix II and II, 
there is a conserved tripeptide His, Pro and Asp (HPD). The presence of HPD is 
crucial for the function of Hsp40, deletion or mutation of this HPD causes the loss of 
function. 
HsplOO family 
HsplOO family does not have the regular refolding function as Hsp60 and 
Hsp70. Protein disaggregation and protein degradation of misfolded proteins are the 
important functions of HsplOO. 
sHsp family 
The small HSP (sHSP) refer to the Hsps with size lower than 40kDa. This 
family of protein does not refold any protein but contains a conserved C-terminal 
domain called a-crystallin domain. This group of protein does not help to fold 
denatured protein, but helps in stabilizing the denatured protein by direct binding, 
thus prevent aggregation (Wang, 2004). 
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The overexpression of sHSP can increase the abiotic stress tolerance of 
transgenic plant. Overexpression of OsHSP17.7 in transgenic rice increases its 
drought tolerance (Sato, 2007). Ectopic expression of chestnut sHsp in E. coli 
enhances its tolerance against heat and cold (Soto, 1999). 
1.2.3.5.2 Hsp network 
The Hsp families are not working alone but cooperatively. During stress, 
intracellular proteins may be denatured or aggregated. The aggregated protein is 
disggregated by Hsp 100 to resolublize. Then the resolubilized protein will either 
pass to Hsp60, Hsp70 or Hsp90 for refolding. The proteins which are not recruited 
by refolding process are binded by sHSP or Hsp70. This can stabilize the proteins 
and prevent aggregation. If the proteins are denatured but not under refolding or 
stabilizing, they may sent to degradation (Wang, 2004). 
1.3 Pervious studies on GmDNJl 
By using suppression substractive hybridiztion (SSH), GmDNJl was identified 
from Soybean. Conserved domain searching result of GmDNJl showed that 
GmDNJl was a type I Hsp40 (co-chaperone of Hsp70), with N-terminal J domain, 
glycine/phenylalanine (Gly/Phe) rich region, 4 repeats of CxxCxGxG zinc finger 
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motif and near C-terminal for binding client proteins and C-terminal for 
dimerization. Luciferase refolding assay showed that GmDNJl helped chaperone to 
refold denatured luciferase into its functional form. Expression study showed that 
GmDNJl was induced under NaCl and ABA treatment. 
1.4 Hypothesis, significances and objectives of this project 
As discussed in the pervious sections, food security is one of the major issues 
leading to the instability of the world. In order to cope with this problem, increase in 
crop productivity is the major solution in scientific world. By study the detail of 
abiotic tolerance mechanisms in plants, we may be able to manipulate some of the 
genes to improve the abiotic stress tolerance of crops, thus increases the crops 
productivity. 
Previously, GmDNJl was discovered as a salt inducible gene in soybean. The 
co-chaperone activity of GmDNJl helps Hsp70 to refold denatured luciferase to its 
native form during abiotic stress. We hypothesize that the physiological role of 
GmDNJl might be refolding of denatured protein and leads to restoration of the 
normal function of structural and function protein during abiotic stress, thus 
enhances the multiple stress tolerance in plant. 
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The objectives of this research are: 
1. To study the expression of GmDNJl in soybean under multiple stress 
2. To characterize the gene function by using transgenic Arabidopsis and Tobacco 
BY2 cell 
3. To find out the putative interacting partners of GmDNJl by yeast two-hybrid to 
elucidate its biological functions 
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Chapter 2 Materials and Methods 
2.1 Materials 
2.1.1 Plants, strains, and vectors 
The Escherichia coli strains DH5a, was used as the hosts for transformation. 
DH5a was used to propagate vectors for cloning purpose. For Yeast two-hybrid 
experiment, yeast strains Y187 and AH 109 were used to carry out all yeast 
experiments including transformation, yeast mating, screening and colony lift assay. 
The A. thaliana, the ecotype Columbia-0 (Col-0) line, the homozygous 
transgenic ASNl (4-e-21) line, and two individual GmDNJl homozygous transgenic 
lines (A-3-4 and M-3-1) were used to test the function of GmDNJl during abiotic 
stress experiment at the whole plant level. For abiotic stress experiment testing the 
function of GmDNJl at the cell level, VI-GmDNJl was transformed to the 
Agrobacterium tumefacien strain LBA 4404 which contained a Ti-Plasmid 
(pAL4404). The transformed Agrobacterium was co-cultivated with its host 
Nicotiana tabacum Bright-yellow 2 (Tobacco BY-2) cell lines to generate GmDNJl 
transgenic lines. 
For pathogen inoculation experiment, Pseudomonas syringae was used to infect 
the A. thaliana lines aforementioned. A list of plant hosts, strains and vectors used in 
this study was shown in table 2.1. 
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Table 2.1 Plants, strains and vectors used in this study 
Plant Host Description References 
Columbia-0 (Col-0) A. thaliana ecotype line for Lab stock 
transformation of GmDNJl 
GmDNJl transgenic A. 2 individual GmDNJl Lab stock 
thaliana lines A-3-4 homozygous transgenic A. 
and M-3-1 thaliana lines 
Nicotiana tabacum Tobacco BY-2 cell line for Lab stock 
Bright-yellow 2 transformation of GmDNJl 
(Tobacco BY-2) cell 
line 
GmDNJl transgenic GmDNJl transgenic Tobacco This study 
Tobacco BY-2 cell BY-2 cell lines 
lines J1-J8 
Bacterial Strains Description References 
Escherichia coli DH5a Vector propagation and general Lab stock 
gene cloning 
Argobacterium For transforming BY-2 cell Lab stock 
tumefaciens LBA4404 
Yeast strains Description References 
Saccharomyces For Yeast two-hybrid Clontech 
cerevisiae Y187 Laboratories, Inc, 
Palo Alto, CA, 
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U.S.A 
Saccharomyces For Yeast two-hybrid Clontech 
cerevisiae AH 109 Laboratories, Inc, 
Palo Alto, CA, 
U.S.A 
Vectors Description References 
pBluescript II KS (+) For subcloning target genes Strategene, La Jolla, 
CA, U.S.A. 
pGBKT7 As bait vector for Yeast Clontech 
two-hybrid Laboratories, Inc, 
Palo Alto, CA, 
U.S.A 
^GBKll-GmDNJl GmDNJ 1 as bait for Yeast This study 
two-hybrid 
pGADT7-Rec As prey vector for Yeast Clontech 
two-hybrid Laboratories, Inc, 
Palo Alto, CA, 
U.S.A 
pGADT7-Rec-81 Vector retrieved from yeast clone This study 
number 81 in Yeast two-hybrid 
pGADT7-Rec-94 Vector retrieved from yeast clone This study 
number 94 Yeast two-hybrid 
VI-GmDNJl For expressing GmDNJl in Lab stock 
transgenic Tobacco BY-2 cell lines 
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2.1.2 Chemicals and regents 
General chemicals, Murashige & Shoog (MS) salt, antibiotics and trypan blue 
solution were supplied from Sigma-Aldrich Co. (Saint Louis, MO, U.S.A). Bacterial 
culture media, agar, yeast nitrogen base were purchased from Difco (Spark, MD, 
U.S.A.). Yeast two-hybrid materials and Dropout (DO) supplements for yeast 
metabolic selections were supplied from Clontech Laboratories, Inc. (Palo Alto, CA, 
U.S.A.). Restriction enzymes and the buffers were purchased from New England 
Biolabs (Beverly, MA, U.S.A.). iQ^^ SYBR® Green Supermix for real-time PGR 
and Sequi-Blot™ PVDF membrane were purchased from Bio-Rad Laboratories 
(Hercules, CA, U.S.A.). 
The detail of chemicals and regents were listed in Appendix I. 
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2.1.3 Commercial Kits 
The following commercial kits were used in this research (Table 2.2) 
Table 2.2 Commercial kits used in this study 
Kits Experiment Company/Cap no. 
BD Matchmaker™ Yeast two-hybrid Clontech K1615-1 
library construction & 
screening kit 
superscript® III cDNA synthesis Invitrogen 11752-050 
First-Strand Synthesis 
SuperMix for qRT-PCR 
Western Breeze™ Westen blotting Invitrogen WB7106 
Immunoodetection kit 
Wizard plus minipreps Subcloning of Promega A7510 





All primers listed below (Table 2.3) were purchased from Invitrogen 
Corporation (Carlsbad, CA, U.S.A.) or Tech Dragon (Hong Kong, GD, China). 
Table 2.3 Primers used in this study 
Primer Sequence (5' to 3') Function 
HMOL1296 ATAAGATGTTTGGGAGGG GmDNJl GSP FP 
HMOL 1297 AC AC AAAGTCATTACTGC GmDNJl GSP RP 
HMOL 2667 TAAGAGTCACTTTAAAATTTGT Amplification of insert 
AT in pGBKT7 
HMOL 2668 TAATACGACTCACTATAGGG Sequencing the 
(T7 Sequencing putative interacting 
Primer) partners 
HMOL 5507 TAAGACATCTTGGCCCATCC GmDNJl real-time FP 
HMOL 5508 CACAACCTTCTCTCCCTTGC GmDNJl real-time RP 
HMOL 5118 CTATTCGATGATGAAGATACCC Amplifying the 
(MATCHMAKER 5 ’ CACCAAACCC putative interacting 
AD LD-Insert partners 
Screening Amplimer) 
HMOL 5119 GTGAACTTGCGGGGTTTTTCAG Amplifying the 
TATCTACGATT 
(MATCHMAKER 3 ’ putative interacting 
AD LD-Insert partners 
Screening Amplimer) 
HMOL 6911 CTGGCCGTGACCTAACTGAT bY2 cell actin FP 
HMOL 6912 GCAAGCTCCTCCTTCATGTC BY2 cell actin RP 
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2.1.5 Equipments and facilities 
All equipments and facilities listed below (Table 4) were provided by School 
of Life Sciences, CUHK. 
Table 2.4 Equipments used in this study 
Equipment Function Cap no. 
Biological Safety Cabinet Aseptic operation Baker SG600E 59419 
Biophotometer Measure optical density Eppendorf 6131.00.012 
Gel Doc EQ System Taken gel photo Bio-Rad 170-8060EDU 
GeneAmp® PCR system PCR Applied Biosystem 
2700 
iQ5 Multi Real-Time Real-time PCR Bio-Rad 170-9780 
PCR Detection System 
Microcooler II For ligation Boekel Scientific 260010 
Nikon Microscope Cell viability assay of Nikon 60166 
Microphot-FX stand BY2 cell 
Orbital shaker Cell culture Lab line 4628-1 
2.1.6 Sequencing 
All DNA samples were sent to Beijing Genomic Institute (Shenzhen, GD, 
China) for sequencing. 
2.1.7 Buffer, solution and medium 




Sequence analysis was performed by Basic Local Alignment Search 
Tools(BLAST) including BLASTn, BLASTx, BLASTp. These online tools were 
provided by The National Center for Biotechnology Information (NCBI) on 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). Statistical calculation was done by 
Statistical Package for the Social Sciences (SPSS) Version 15.0.0.1. 
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11 Methods 
2.2.1 Growth conditions of bacterial and yeast cultures 
Bacterial strains including Escherichia coli (DH5a, DE3, Rosetta 2), 
Argobacterium tumefaciens LBA4404 was cultured in LB broth, YEP broth and 
King's B broth for overnight at 37°C 200rpm , for two days at 28°C 200rpm 
respectively. 
Yeast strains were cultured for 2 days at 30°C 200rpm by YPDA broth or 
SDZ-Trp, SD/-Leu, SD/-Trp/-Leu broth according to the plasmid transformed. 
2.2.2 Growth conditions and multiple abiotic stress treatments of 
Glycine max for GmDNJl expression study 
The soybean seedlings were grown in greenhouse at the temperature ranged 
from 25 to 32�C and relative humidity ranged from 40-80%. 
The cultivated soybean, Wendfeng? seeds were germinated in vermiculite and 
were transferred to hydroponics in half-strength modified Hoagland's solution after 
1 week. The seedlings were grown for 1 more week before treatments. For salt and 
osmotic treatment, solution used during hydroponic cultivation was change to half 
strength Hoagland's solution with 50mM NaHCOs or 5% PEG for overnight 
treatment. For oxidative treatment, 1ml lOmM PQ was sprayed on the leaves for 
treatment and water was sprayed as control. 4 hours later, the PQ treated plants were 
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collected. For heat treatment, 1 week old soybean seedlings grown in hydroponic 
were transferred to growth chamber at 28°C, 70% relative humidity for 1 week. 
Then the temperature of growth chamber was adjusted to 42°C for 4 hours. 
After treatments, the trifoliate leaves and root of the soybean seedlings were 
collected separately and store at -80°C. 
2.2.2.1 RNA extraction, cDNA synthesis and real-time PCR 
The detail method was similar to section 2.2.4.4.1, 2.2.4.4.2 and 2.2.4.4.3. 
Trifolate leaves and roots in pervious section were used as the sample for RNA 
extraction. The RNA was used to synthesize cDNA for later Real-time PCR to check 
the relative expression of GmDN J 1. The housekeeping gene soybean actin (HMOL 
5457.5458) was used to normalize the expression of GmDNJl. 
2.2.3 Growth conditions and multiple abiotic stress treatments of 
Arabidopsis thaliana for root length assay 
2.2.3.1 Surface sterilization of Arabidopsis thaliana seeds 
The seeds were sterilized by 100% bleach for 3 minutes with vigorous 
shaking. Then, the seeds were centrifuged briefly and bleach was removed. 
Autoclaved double distilled water was added and removed sequentially for 5 times 
to remove any bleach remained. The sterilized seeds were keep in dark at 4°C for 2 
days for imbibition. After that, the seeds were aligned on MS agar square plates 
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which were placed vertically in the growth chamber at 22°C, relatively humidity 
70%, light intensity lOO^E and 16 h light and 8 dark cycles. 
2.2.3.2 Abiotic stress treatments of Arabidopsis thaliana for root 
length assay 
For NaCl, NaHCOs and PEG treatment, the seedlings grew for 5 to 7 days 
were then transferred to the MS agar square plate with 100 or 150mM NaCl, 5mM 
or lOmM NaHCOs or 10% or 20% PEG respectively. For heat treatment, the 
seedling was transferred to a new MS square plant. Then growth chamber was 
adjusted to 45�C and treated the seedlings for 30 or 45mins. 
Just after each transfer, the length of the root of the seedling was marked to 
record their length before treatment. The seedlings grew for 5 to 7 more days under 
treatment and the final length of roots will be measured by ruler. 
2.2.4 Multiple abiotic stress treatments of Tobacco Bright Yellow-2 
(BY2) cell for cell viability assay 
2.2.4.1 Construction of transgenic GmDNJl BY2 cell lines 
A single colony of A. tumefaciens with plasmid LBA4404 V7-GmDNJl (Dr. 
Lam's lab material) was inoculated in 5ml LB broth with 50mg/L Kanamycin, 
1 OOmg/L Streptomycin and 50mg/L Rifampicin for overnight at 28°C. 200|li1 
overnight culture was co-cultivated with 4ml 3 days old BY2 cell in 100mm plate 
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for 2 days at room temperature. After 2 days, the mixture was resuspended by 20ml 
MS medium and was transferred to 50ml tube. Then supernatant was removed and 
20ml MS medium was added to wash the cell. 16ml MS medium was removed and 
remained solution was transferred to a 4 new MS plate with 50mg/L Kanamycin, 
250ml/L Cefotaxime. The BY2 cell calluses generated after 3 to 4 weeks of 
cultivation were transferred to a new MS plate with Kanamycin and Cefotaxime 
continuously twice a month. 
2.2.4.2 DNA extraction of transgenic GmDNJl BY2 cell lines by 
CTAB method 
1ml of BY2 suspension cell of each BY2 cell lines was transferred to a 1.5ml 
tube respectively. After brief centrifugation, supernatant of each tube was removed. 
The cell remained was grinded by glass grinder, 1ml of 2X CTAB extraction buffer 
was added after grinding. Then, tubes were incubated at 60°C for 30mins. After that, 
the aqueous phase was transferred to a new 2ml tube with 1ml phenol:chloroform: 
isoamylalchohol (PCI) (25:24:1). After vigorous mixing, centrifligation was done for 
lOmins, 13000rpm and aqueous phase was transfer to a new tube with 1ml 
chloroform: isoamylalchohol (CI) (24:l).The centrifligation step was repeated, and 
the 700|il aqueous phase was transferred to a new 1.5ml tube with VOOjil isopropanol. 
Vigorous mixing was done and the tubes were kept in -20�C overnight. Next day, the 
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tubes were centrifuged at 13000rpm for 30mins, supernatant was then removed and 
the pellet remained was washed with CTAB washing buffer and air dried. The dried 
pellet was resuspended by 2 0 j L i l sterilized double distilled water with l|ig.ml RNase 
A. Then the DNA samples were incubated at 37°C for 3 hours. The concentration of 
each DNA sample was measured by spectrophotometer. 
2.2.4.3 PCR screening of transgenic GmDNJl BY2 cell lines 
About 50ng of BY2 cell DNA in above section was used as template for 
screening the insertion of GmDNJl in each cell line. The GoTaq® Hot Start 
Polymerase PCR master mix was prepared according to the standard formulation 
according to Promega (San Luis Obispo, CA, U.S.A). HMOL 1296, 1297 were used 
as the gene specific primer of GmDNJl to screen for the transgene. 
The cycle profile of PCR was set as following: 
Step 1: 94�C for 5mins 
Step 2: 94°C for 30sec 
Step 3: 58°Cfor30sec 
Step 4: 72°C for IminSOsec 
Step 5: repeat Step 2 to 4 for 34 cycles 
Step 6: 72�C for 1 Omins 
Step 7: 4�C for storage 
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The PCR products and DNA ladder were loaded into 1% agarose gel with IX 
TAE buffer and EtBr. After running for 20mins at 100V, the gel was recorded by Gel 
Doc EQ System (Bio-Rad). 
2.2.4.4 Gene expression checking of GmDNJl in transgenic BY2 cell 
lines by real-time PCR 
2.2.4.4.1 RNA extraction of BY2 cell 
10ml 7 days old BY2 cell was frozen by liquid nitrogen and grinded by pestle 
and mortar. 15ml RNA extraction buffer and PCI were added to the cell. After 
thawing, the mixture was transferred to 50ml tube for 1 Omins centrifugation at 
13000rpm at 4°C- Then, aqueous phase was transferred to a new 50ml tube 
containing 15ml of PCI. Vigorous shaking and similar centrifugation and transfer 
step were done to transfer 12ml aqueous phase to a new 50ml tube contained 12ml 
CI. The shaking and centrifugation step were repeated and 10ml aqueous phase was 
transferred to a new 50ml tube containing 20ml absolute ethanol and 1ml 3M 
sodium acetate at pH5.2. The mixture was stored at -20°C overnight for 
precipitation. 
Next day, the mixture was centrifuged at 13000rpm at 4°C for 3 Omins. 
Supernatant was discarded and a white pellet remained at the bottom. The pellet was 
resuspended by 1ml 3M sodium acetate at pH 5.6 and centrifuged for 1 Omins at 
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13000rpm at room temperature. Supernatant was discarded, 0.4ml 0.3M sodium 
acetate at pH 5.6 was added to resuspend the pellet and 1ml absolute ethanol was 
added for RNA precipitation. The mixture was stored overnight at -20°C. 
One day after, the mixture was centrifuged at ISOOOrpm at RT for 30mins 
Supernatant was discarded, the pellet remained was air-dried at RT. 50|ul DEPC 
treated double distillated water was added to resuspend the RNA pellet. 
Concentration of RNA samples were measured by spectrophotometer. All RNA 
samples were diluted to concentration at 2)Lig/|iL 
2.2.4.4.2 cDNA synthesis of BY2 cell RNA 
RNA sample in above section was used as template to synthesis the first strand 
of cDNA. The RNA sample was treated with DNasel at 24°C for 60mins to digest 
genomic DNA remained. Then the RNA was reverse transcribed by Superscript™!!! 
(Invitrogen) reverse transcriptase at 50°C for 50mins. Oligo-dT was used as the 
template in reverse transcription. After reverse transcription, heat deactivated at 
85�C was done to terminate the reaction, and 1 |il RNase H (Invitrogen) was added to 
digest remained RNA for 20mins at 37�C. The quality of the cDNA was checked by 
using PCR to amplify tobacco actin gene. 
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2.2.4.4.3 Real-time PCR of BY2 cDNA 
31^ 1 BY2 cell cDNA in pervious section was added to master mix with iQ 
SYBR Green Supermix (Bio-Rad) and primer pair for real-time PCR. Primer pair 
(HMOL 5507,5508) for amplifying the transgene GmDNJl and (HMOL 6911,6912) 
the housekeeping gene actin of BY2 cell were used. 4 independent real-time PCR 
reactions were set for each BY2 cell line for amplifying one gene. The real-time 
PCR reactions were run by using iQ5 Real-Time PCR Detection System (Bio-Rad) 
in 96 wells PCR plate with doom cap. The expression of BY2 actin was used to 
normalize the expression of GmDNJl. The relative gene expression of GmDNJl was 
calculated by using the method (Livak and Schmittgen, 2001). Besides the 
PCR, dissociation curve and amplification efficiency of each sample were analyzed 
to check the quality of real-time PCR and the amplification efficiency of the primer 
pairs. 
The cycle profile of real-time PCR was set as following: 
Step 1: 95°C for 5mins 
Step 2: 95°C for 10 sec 
Step 3: 60°C for 30 sec 
Step 4: Repeat step 2 and 3 for 40 times 
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2.2.4.5 Multiple abiotic stress treatments of BY2 cell lines for cell 
viability assay 
10 ml 5 to 7 days old BY2 cell line liquid culture was transferred to 15ml tube. 
The cell was allowed to sink for 15mins. Supernatant and excess cell were removed 
by pipette aid until 2ml cell remained. Then, MS medium was used to wash the BY2 
cell and was removed after sinking of BY2 cell. 10ml MS solution with 200mM 
NaCl or 30% PEG or 5mM PQ respectively was added to the BY2 cell lines to treat 
for overnight. For heat treatment, the BY2 cell was heated in 45°C for 60mins. The 
cell was allowed to recover for 24hrs. After treatment, 50|al BY2 cell was transferred 
to a new 1.5ml tube with 50|nl 0.4% trypan blue solution for staining. The cell was 
stained for 15mins and was observed under light microscope (Nikon). The nucleus 
of the dead cell was stained blue but not the living cell. The cell viability was 
counted by number of dead cell/total cell number. 
2.2.5 Yeast two-hybrid experiment 
2.2.5.1 Subcloning of GmDNJl into pGBKT7 
pKSII-GmDA/77 was previously subcloned in Dr. Hon-Ming Lam's lab. pKSII-
GmDNJl and pGBKT7 were digested by restriction enzyme EcoRI and Sail (NEB). 
The GmDNJl fragment was ligated to digested pGBKT7 by using T4 DNA ligase 
(NEB). The ligation product was transformed to E. coli (DH5a) by heat shock. The 
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transformed colonies were screened by PCR using gene specific primer pair of 
GmDNJl (HMOL 1296,HMOLl297). The cycle profile of PCR was identical to 
section 2.2.4.3. 3 colonies with positive result in PCR screening were sent to BGI 
for sequencing. Sequencing primer pair for pGBKTV (HMOL 2667, 2668) were 
used during sequencing. 
2.2.5.2 Transformation of pGBKT7 into Y187 
The construct pGBKTl-GmDNJl was transformed to Y187 by PEG mediated 
transformation according to the manufacturer's manual (Clontech). The transformed 
Y187 cell was spread to SD/-Trp agar plate to screen for the plasmid. 
2.2.5.3 Toxicity test of GAL4 GmDNJl fusion protein in Y187 
Toxicity test was performed according to the manual of the BD Matchmaker™ 
library construction & screening kit (Clontech). A 2 to 3mm large colony of 
Y187-pGBKT7-GmZ)7V77 was inoculated to 50ml SD/-Trp broth with 50mg/ml 
Kanamycin. The yeast cell was grown for 16 hrs at 30°C at 230rpm. After 16 hrs, the 
OD600 value of the culture was measured by spectrophotometer. If the fusion protein 
was toxic to the yeast cell, the ODeoo value should be smaller than 0.8A. 
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2.2.5.4 Western blot analysis to check the expression of 
GAL4-GmDNJl in Y187 
5ml of yeast culture was collected by centrifligation. The yeast protein was 
extracted according to the protocol in Yeast Protocols Handbook (Clontech). 30}il 
yeast protein sample was loaded into SDS-PAGE gel (4% stacking gel; 10% 
separation gel) twice and was run at lOOV for Ihr. The gel was separated vertically 
into 2 parts after running. One part was stained by G250 Coomassie brilliant blue 
staining solution, another part was used for Western blotting. 
For Western blotting, methanol pretreated PVDF membrane was sandwiched 
with the protein gel at 55V for 75mins by Mini Trans-Blot® Electrophoretic Transfer 
Cell (Bio-Rad). After transfer, blocking and detection steps were done according to 
the protocol of Western Breeze^'^ Immunoodetection kit. 1:2000 of mouse c-Myc 
antibody (Clontech) was used to detect the c-Myc tag of the GmDNJl fusion protein. 
BCIP/NBT was used as substrate for colour detection. 
2.2.5.5 Screening of GmDNJl interacting protein partners by yeast 
mating 
The Y187-pGBKT7-Gmi:)A^J7 was mixed with pathogen inoculated rice cDNA 
library in AH 109 (Dr. Lam's lab material). The yeast mating was performed as the 
manual (Clontech). Yeast diploid cells were spread on 50 SD/-Trp/-Leu/-His 150mm 
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agar plates which were incubated at 30°C for 7 days. Colonies grown larger than 
2mm were picked and streaked on SD/-Trp/-Leu/-His/-Ade 100mm agar plates. 
Colonies grew up on SD/-Trp/-Leu/-His/-Ade were tested by colony-lift assay 
according to the Yeast Protocols Handbook (Clontech). 
2.2.5.6 Identification of positive interaction partners by retrieving 
plasmid from diploid yeast 
The yeast clones which grew on SD/-Trp/-Leu/-His/-Ade and turned blue in 
colony lift assay were inoculated to 10ml SD/-Trp/-Leu medium for cultivation. The 
yeast plasmids were extracted according the procedures of yeast protocols handbook 
(Clontech). The retrieved plasmids from different clones were used as the template 
for PCR. The primer pair HMOL 5118, 5119 were used to amplify the putative 
interacting partners of GmDNJl. 5)al of PCR product of each sample was loaded into 
1% gel to check the size. PCR products with different band size were sent to BGI 
(Shenzhen, GD, China) for sequencing. T7 sequencing primer was used for the 
sequencing. 
The sequencing data retrieved from BGI was inputted to BLASTn or BLASTx 
for bioinformatics search for nucleotide and protein. Then the sequencing data was 
search for correct reading frame to eliminate false positive clones. 
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Chapter 3 Results 
2.1 GmDNJl was induced under dehydration stress, NaHCOa 
stress, oxidative stress and heat stress 
Pervious studies in Dr. Hon-Ming Lam's lab have shown that the expression 
of GmDNJl was induced under NaCl stress (Unpublished data). This study 
showed that GmDNJl was induced by other different stresses including osmotic 
stress, oxidative and heat stresses. Real-time PCR was employed for this expression 
study. The amplification efficiency of real-time primers and melt peaks of the 
real-time PCR was attached in appendix III. 
5% PEG treatment mimicked the condition of dehydration. Under dehydration 
stress, the expression of GmDNJl was higher in leaves than root. Moreover, 
GmDNJl was induced about 4.6 folds and 2.9 folds more than the control in leaf and 
root respectively (Fig 3.1. top right panel). 
For 50mM NaHC03 treatment, it mimicked the condition of alkaline soil 
with mild Na+ toxicity and with alkaline pH 8.5. It showed similar pattern which 
was higher in root than leaves as PEG treatment. However, the fold difference was 
lower than PEG and it was only about 2 and 1.2 relative to the control in leaf and 
root (Fig 3.1. top left panel). 
For PQ and heat treatment, the expression of GmDNJl was induced more 
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significantly than the pervious treatments. The PQ treatment mimicked the 
generation of toxic ROS during stresses that caused oxidative stress in plant. The 
expression of GmDNJl in leaves and root were 6.3 and 4.1 folds higher than the 
controls (Fig. 3.1 bottom left panel). 
For heat treatment, the induction of GmDNJl was 8.3 folds and 57.4 folds 
in leaves and root (Fig. 3.1 bottom right panel). The induction was highest among 
the above stresses. However, the induction was much higher in root than in leaves, 
which reversed in other treatments. 
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Fig. 3.1 Expression of GmDNJl in Soybean under PEQ NaHCOs, PQ and heat 
treatment 
2 weeks old soybean seedlings were treated by half strength Hoagland's solution 
plus 5% PEG (Top left panel), 50mM NaHCOs (Top right panel) for 24hrs or lOmM 
PQ (Bottom left panel) and 42�C (Bottom right panel) for 4hrs. Untreated soybean 
seedlings cultivated in half strength Hoagland's solution or not heats treated were 
used as control. Expression of GmDNJl was analyzed by real-time PCR and 
soybean actin was used as housekeeping gene. Relative gene expression was 
calculated by the method. Student's Mest was used to compare the mean 
values of fold difference of each treatment. p<0.05, p<0.001. 
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3.2 Ectopic expression of GmDNJl in transgenic Arabidopsis 
does not confer extra tolerance under multiple stresses in root 
length assay 
In order to study the physiological function of GmDNJl under different 
stresses, transgenic GmDNJl homozygous Arabidopsis lines A-3-4 and M-3-1 was 
established previously in Dr. Hon-Ming Lam's lab. Northern blot analysis showed 
than GmDNJl was overexpressed in these 2 transgenic lines (Data not shown). 
Root length assay was employed to test whether GmDNJ 1 enhanced the stress 
tolerance in transgenic Arabidopsis. Under NaCl, NaHC03, PEG and heat treatment, 
2 transgenic lines A-3-4, M-3-1 and 2 control lines WT, V7 had shorter root 
elongation in different stresses. However, there was no significant difference 
between each line before and after treatments (Fig 3.2). 
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Fig. 3.2 Root length assay showing ectopic expression of GmDNJl in 
Arabidopsis does not enhance tolerance under NaCl, NaHCOs, PEG and heat 
stress 
4 Arabidopsis lines were used in this experiment. Col-0: wild type, 4e: with stress 
unrelated transgene, A-3-4 and M-3-1: 2 independent GmDNJl transgenic 
Arabidopsis lines. 7 days old Arabidopsis seedlings were transferred to Ix MS with 
lOOmM, 150mM NaCl (a); 5mM, lOmM NaHCOs (b); 10%, 20% PEG (c) for 7 
days treatment. For heat treatment, seedlings were treated at 45°C for 30 or 45 mins 
(d). Then the seedlings recovered for 7 days. The results were analyzed by one-way 
ANOVA. Error bar represented 士 S.E. (n=15) 
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3.3 Construction of transgenic GmDNH BY2 cell lines 
In order to study the physiological function of GmDNJl in cellular level under 
different stresses, 8 transgenic GmDNJl BY2 cell lines, J1 to J8, were established 
by agrobacterium mediated transformation (section 2.2.4.1). 
3.3.1 PCR screening of GmDNJl in transgenic BY2 cell lines 
The V7-GmDNJl was subcloned previously in Dr. Hon-Ming Lam's lab. 
-GmDNJl was transformed to Argobacterium tumefaciens LBA4404 and then 
co-cultivated with WT BY2 cell to generated transgenic BY2 cell lines. The 
transgenic BY2 cell calluses generated were used to extract genomic DNA for PCR 
screening by using GmDNJl GSPs. The PCR result showed that GmDNJl was 
inserted to BY2 cell DNA genome successfully (Fig 3.3). 
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Fig. 3.3 PCR screening showing the insertion of GmDNJl in BY2 cell DNA 
genome 
L: Ikb plus DNA ladder (Invitrogen), WT: Wild Type, V7: vector only control, J1 to 
J8: 8 independent GmDNJl transgenic lines, NTC: No template control. Left black 
arrows indicated the size of the DNA ladder. Right black arrow indicated the size of 
PCR product. 
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3.3.2 Gene expression checking of GmDNJl in transgenic BY2 
cell lines by real-time PCR 
Successful insertion of GmDNJl in BY2 cell DNA genome might not lead to 
ectopic expression of GmDNJl. Real-time PCR was used to check the expression of 
GmDNJl in different transgenic BY2 cell lines. The amplification efficiency of 
real-time primers and melt peaks of the real-time PCR was attached in appendix III. 
The real-time PCR result showed that only transgenic BY2 cell lines J1 to J4 
had significant ectopic expression of GmDNJl but not other transgenic lines. The 
expression of GmDNJ of transgenic line J1 was the highest among all transgenic 
lines. J1 to J4 were chosen for cell viability assay (Fig. 3.4). 
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Fig. 3.4 Expression of GmDNJl in transgenic BY2 cell lines 
Expression of GmDNJl was analyzed by real-time PCR and tobacco actin was used 
as housekeeping gene. Relative gene expression was calculated by the 
method. Student's t-test was used to compare the mean values of fold difference of 
each treatment. p<0.001. WT: Wild type, V7: vector only control, J1 to J8: 8 
independent transgenic BY2 cell lines. 
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3.3.3 Ectopic expression of GmDNJl in transgenic BY2 cell lines 
do not enhance tolerance under multiple stresses in cell 
viability assay 
As section 3.1 showed that GmDNJl was induced under salt, dehydration, 
oxidative and heat stress, these stresses were applied to GmDNJl transgenic BY2 
cell lines J1 to J4 to test the physiological function of GmDNJl. 
For NaCl and PEG treatment experiment, there was no significant difference in 
survival rate in both treated and untreated condition. Ectopic expression of GmDNJl 
did not enhance NaCl and dehydration tolerance. 
For PQ and heat treatment experiment, only 1 transgenic BY2 cell line, J4, had 
higher survival rate than 2 controls under treatments. This may be due to the random 
insertion of transgenic into the BY2 cell DNA genome, positional effect might affect 
the physiological function of the transformed BY2 cell in some cases (Fig. 3.5). 
In conclusion, ectopic expression of GmDNJl did not enhance stress tolerance 




























































































































































































































































































































































































































































































































3.4 Yeast two-hybrid experiment 
3.4.1 Subcloning of pGBKH-GmDNJl 
pKSll-GmDNJ was double digested by EcoRI and Sail (NEB) and then was 
ligated to the digested bait vector pGBKT7 with the same cutting site. The ligation 
product was transformed to DH5a to generate single transformed colony which was 
picked for PCR screening by GmDNJl GSP. The single band was about 1.2kb, 
which was similar to the expected size 1270bp. This showed that GmDNJl was 
inserted to pGBKT7 (Fig. 3.6). pGBKT7-GmDA^J7 was purified by Wizard® plus 
minipreps DNA purification kit (Promega) and was sent to BGI by using sequencing 
primer pair of pGBKT7 for sequencing. The sequencing result matched with the 
cDNA sequence of GmDNJl (Data not shown). GmDNJl was successfully 
subcloned to bait vector pGBKT7. 
L 1 2 3 4 5 
1Kb • < 1 • 
Fig. 3.6 PCR screening of pGBKT7-G/wZ)7V/7 in DH5a by using GmDNJl GSP 
L: Ikb plus DNA ladder (Invitrogen), Lane 1 to 5: 5 independent transformed DH5a 
clones. Left black arrows indicated the size of the DNA ladder. Right black arrow 
indicated the size of PCR product. 
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3.4.2 Toxicity test of GAL4 DNA BD-c-Myc-GmDNJl fusion 
protein in Y187 
According to the manual of the BD Matchmaker^^ library construction & 
screening kit, ectopic expression of target gene {GmDNJl in this study) in Y187 
may be toxic, which greatly reduced the efficiency of the screening process. If the 
OD600 for -GmDNJl 16hrs culture was higher than 0.8A, then the protein is not 
toxic to Y187. 
The OD600 value of -GmDNJl after 16hrs incubation was 1.179A which 
was greater than 0.8A. It suggested that ectopic expression of GmDNJl protein was 
not toxic to the cell. 
3.4.3 Western blotting showing expression of GAL4 DNA BD 
-c-Myc-GmDNJl in Y187 
Before yeast mating, western blot analysis was done to ensure the expression of 
GAL4-GmDNJl protein in Y187. By using the c-Myc antibiody, a protein band with 
the size of smaller than 75kDa was detected (Fig. 3.7). The size of the protein was 
similar to the expected size 72kDa. GAL4 DNA BD-c-Myc-GmDNJl was expressed 
inY187. 
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Fig. 3.7 Western blotting showing the expression of GAL4 DNA 
BD-c-Myc-GmDNJl in Y187 
(a) c-Myc antibody was used to detect GAL4-c-Myc-GmDNJ 1 in western blotting, (b) 
10% SDS-PAGE was stained by Coomassie blue. L: Dual color Precision Plus Protein 
Prestain standard (Bio-Rad), Lane 1: Protein extracted from Y\Sl-pGKBK7-GmDNJl. 
The left black arrow indicated the size of GAL4-c-Myc-GmDNJ 1 protein, the right 
black arrows indicated the size of the protein standard. 
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3.4.4 Screening of GmDNJl putative protein interacting partners 
by yeast mating 
The screening of GmDNJl putative protein interacting partners was done by 
mating between the Y187 transformed with pGBKT7-GmDNJl and cDNA library 
incorporated in AH 109. After mating, the diploid yeast was selected by synthetic 
dropout media and then colony lift assay. 
About 4000 colonies grew up in SD/-Trp/-Leu/-His (SD/-3) selection and about 
500 colonies that grew up in SD/-Trp/-Leu/-His/-Ade (SD/-4) selection. 122 
colonies showed positive blue color development in colony lift assay (Fig. 3.8). 
Yeast library vectors, pGADT7-insert, were purified from 122 colonies for retrieving 
the inserts from library by PCR (Fig 3.9). 31 PCR products were sequenced and 4 
clones with correct reading frame were found by using BLASTn and BLASTx 
(Table 3.1, 3.2). 2 annotated proteins BAD03576 and BAA02157 were identified. 
BAD03576 is a Ychf-type GTPase/ATPase (OsYchfl) which was regulated by 
OsGAPl. Both OsYchfl and OsGAPl relocalized from cytoplasm to plasma 
membrane during wounding. Ectopic expression of OsYchf in transgenic 
Arabidopsis enhanced the pathogen infection. It may suggest that OsYchfl was a 
negative regulator during plant deference response (Chang et al., 2010). 
BAA02157 is a 40S ribosomal protein S20 which was a component in forming 
small subunit of ribosome. Ribosome small subunit involved in decoding mRNA 
56 
while the large subunit involved in peptide bond formation during translation 
(Ramakrishnan, 2011). 
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Fig. 3.8 Screening of GmDNJl putative protein interacting partners by yeast 
mating 
About 4000 colonies which grew on SD/-3 agar plates (a, left panel) were 
transferred to SD/-4 agar plates (b, left panel). Colony lift assay (a and b, left panel) 
was employed to screen about 500 colonies which grew on SD/-4 agar plates. The 
red boxes on the left indicated the effect of metabolic selection. The red boxes on 
the right indicated the positive result of colony lift assay. 
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L Lane 1 to 24 
Fig. 3.9 PCR retrieving the cDNA insert from pGADTT of AH109 
L: Ikb plus ladder, Lane 1 to 24: PCR products amplified from the plasmids 
retrieving from pGADT? of AH 109. The right arrows indicated different size of 
PCR products which were sequenced to check the identity of insert by BLASTn and 
BLASTx. 
Table 3.1 Number of positive clones in different steps of yeast two-hybrid 
screening 
grew on grew on positive in sequencing correct More than 
SD/-3 SD/-4 colony lift assay was done reading 2 hits 
frame 
No. of clones � 4 0 0 0 � 5 0 0 122 31 4 2 
Table 3.2 Identity of the putative GmDNJl interacting partners 
Putative Interacting partner No. of Hits Accession No. 
40S subunit ribosomal protein 11 BAA02157 
Putative GTP-binding protein 9 BAD03576 
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Chapter 4 Discussion 
4.1 Expression of GmDNJl was induced under dehydration stress, 
NaHCOs stress, oxidative stress and heat stress 
During abiotic stress, intracellular environment alters and leads to denaturation 
of proteins. Chaperone system was evolved to refold the denatured protein into 
native form thus providing a crucial mechanism for plant to adapt different stresses 
(Wang et ai, 2004). GmDNJl is a co-chaperone which helps HSP70 to refold the 
heat denatured luciferase into native form with luciferase activity (Dr. Hon-Ming 
Lam's lab unpublished data). We hypothesized that GmDNJl may involve in 
multiple stress tolerance as the HSP70:HSP40 refolding machinery is universal 
during different stresses. Expression studies of GmDNJl provided the first insight 
what stresses do GmDNJl involve. 
The expression study showed that heat stress induced GmDNJl most, followed 
by PQ, PEG and NaHCOs treatment. It was expected that GmDNJl related mostly to 
heat shock as a heat shock protein (HSP). However, by searching the 2kb upstream 
sequence of the start codon of GmDNJl, no consensus sqequence of heat shock 
element (HSE) was found (Data not shown). This suggested that the GmDNJl may 
not be induced by heat shock factor. Moreover, pervious study in Dr. Hon-Ming 
Lam's lab showed that GmDNJl is induced by NaCl and ABA. In this study, 
GmDNJl was showed to be induced by alkaline salt, dehydration, oxidative and heat 
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stress. The GmDNJl may be under the regulation of ABA dependent pathway (see 
section 1.2.2.1) 
PQ treatment induced GmDNJl second most in 4 stresses tested. This may be 
due to the cross talk between heat stress and oxidative stress. PQ which catalyzed 
the formation ROS mimicked the ROS signals during stressed condition. Generation 
of ROS during stressed condition is a crucial process for stress signal transduction. 
Heat shock factors (HSFs) which were transcription factors that turn on the 
expression HSPs were suggested to sense ROS signal (Mittler et al, 2004). This 
linkage may explain high expression of GmDNJl during oxidative stress. 
For PEG treatment, it showed that the dehydration significantly increased the 
expression of GmDNJl. This may be explained by the biosynthesis of ABA is 
increased during dehydration. As GmDNJl is a ABA inducible gene, ABA increases 
the transcription of ABA response element binding factor (ABRE) which turn on the 
promoter region of GmDNJl and turn on its transcription. 
The role of GmDNJl may be explained by its role in restoring the 
conformation of GmDNJl during molecular crowding during dehydration. 
Dehydration is a primary stress that reduces the water potential and increases the 
degree of molecular crowding in the cells (Bryant, 2005). This promotes protein 
aggregation and then causes malfunction of structural and functional proteins. 
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However, dehydration increases the production of ROS which transduce the stress 
signal to HSF and increase the expression of HSPs (Bartoli, 2004). HSPs act as 
molecular chaperone for refolding denatured protein or preventing aggregation of 
proteins during dehydration stress. 
For NaHCOs treatment, GmDNJl had the lowest induction, but it was still 
significantly induced. Dehydration, ion toxicity and low pH (8.5) affected the 
intracellular environment at the same time. Dehydration is proofed to induced 
GmDNJl, possibly by ABA dependent pathway. The effect of ion toxicity and low 
pH to the expression of GmDNJl is unknown, but when we compare the expression 
level of GmDNJl caused by PEG and NaHCOs, these 2 factors should not be the 
major one. 
It is interesting to note that, there is a basal expression of GmDNJl in both 
leaves and in root in untreated condition. The reasons behind may be (1) GmDNJl is 
involved in some basic functions in non-stress condition, such as helping refolding 
of translating polypeptide. (2) Basal level of GmDNJl help plants to copes with 
abiotic stress tolerance by saving the time of induction. 
Also, during heat shock, the expression of GmDNJl in root in 57 fold relative 
to its control and 8 fold in leaves, but this pattern reversed in PEG, NaHCOs and PQ 
treatment (Fig. 3.1). It may suggest that GmDNJl may have special function 
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involved in root. 
4.2 Ectopic expression of GmDNJl in transgenic Arabidopsis and 
BY2 cells did not confer extra tolerance under multiple stresses 
in root length assay 
Overexpression of HSP70 enhanced abiotic stress tolerance in Tobacco and 
Arabidopsis (Lee and Schoffl, 1996; Cho and Hong, 2006). However, ectopic 
expression of GmDNJl in transgenic Arabidopsis did not show similar result. Firstly, 
the protein sequence and structure of foreign HSP may be different from the native 
HSP. Ectopic overexpression of GmDNJl may not provide the same function as its 
gene homolog or ortholog. Moreover, during abiotic stress, native genes may be 
induced, thus undermined the functions of the transgene. Overexpression of a stress 
tolerance transgene may not enhance abiotic tolerance of plants. In contrast, knock 
down or knock out approach may be useful in study the physiological function of the 
target gene. For example, heat inducible antisense HSP70 Arabidopsis lines were 
constructed to test the physiological function of HSP70. During heat stress, the 
antisense lines had less thermotolemace than the wild type Arabidopsis (Lee and 
Schoffl, 1996). However, transgenic soybean technology is not mature. Knock out or 
knock down of GmDNJl in Soybean is not feasible. 
Moreover, concentration ratio between HSP40 and HSP70 may be critical for 
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the function of this chaperone system. A report showed that the refolding of client 
protein was the most efficient if the concentration of HSP70 was 10 to 20 folds of 
HSP40 in vitro (Kampinga and Craig, 2010), constitutively ectopic expression of 
GmDNJl (HSP40) may not increase the rate of refolding. On the other hand, the 
concentration of HSP70 may be more important than HSP40 as the HSP70 provides 
the refolding function. Low concentration of HSP40 in the cell is enough to activate 
HSP70. This may explain why overexpression of HSP70 enhances stress tolerance 
but not GmDNJl. 
4.3 Yeast two-hybrid experiment 
The major objective of this project is to find the putative interacting partners 
and the client proteins of GmDNJl. Yeast two-hybrid is a quick experiment to search 
the whole proteome for protein interaction. This may help to explain the function of 
GmDNJl. 
However, there are some limitations in this experiment. Firstly, a rice cDNA 
library was used in this experiment. The rice proteome is different from soybean 
proteome. The protein-protein interaction may be different in vivo. Several attempts 
were tried to construct a good quality soybean cDNA library for yeast two-hybrid 
screening, but the quality of the library was suboptimal. All screened clones were 
either false positive or frame shifted (Data not shown), so rice cDNA library 
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available in Dr. Hon-Ming Lam's lab was used instead. 
Secondly, more experiment must be done to confirm the yeast two-hybrid result. 
The major draw back of the yeast two-hybrid experiment is the present of false 
positive protein interacting clones. For example, two proteins interacted and showed 
positive result in yeast two hybrid, but the interaction is not occur in nature. This 
may be due to co-expression of 2 proteins in yeast nucleus, but they were in 
different subcellular localization and thus never interact. The second possibility was 
the high level of expression level of target protein and library protein was higher 
than natural, the interaction occurs only during overexpression (Finley, 2008). In 
future, confirmation experiment like immuno-pull down should be done to prove the 
interaction. 
4.4 Putative function of GmDNJl 
GmDNJl is a type I co-chaperone which contains typical N-terminal J domain, 
glycine/phenylalanine region, zinc finger motif and conserved C-terminal. This type 
of protein contains all important domains for peptide binding and stimulation of 
ATPase activity of HSP70. 
Previously, Dr. Hon-Ming Lab's showed that GmDNJl could help HSP70 to 
refold the heat denatured luciferase into native form. This proves the basic function 
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of GmDNJl (HSP40) which helps the HSP70 to refold denatured protein. In the 
expression study, GmDNJl was induced under salt, dehydration, oxidative and heat 
stress. GmDNJl may be responsible for the protein refolding during those stresses. 
Yeast two-hybrid experiment had found 2 GmDNJl putative protein interacting 
partners. A Ychf-type GTPase/ATPase and a 40S ribosomal protein S20. OsYchfl 
acts as a negative regulator during plant defense response (Chang et al., 2010). The 
putative interaction with GmDNJl may show that GmDNJl may be involved in 
plant defense signaling. However, the role of GmDNJl was needed to be elucidated. 
For 40S ribosomal protein S20, GmDNJl may be involved in translation 
process. Some HSP40s are tethered near the polypeptide exit site of the ribosome 
during translation (Kampinga and Craig, 2010). This prevents the aggregation and 
facilitates the refolding of the nascent polypeptides. The binding of GmDNJl with 
40S ribosomal protein S20 may act as the same function as other ribosome tethered 
HSP40, but more experiments must be done to prove it. 
4.5 Future Perspectives 
In order to fully elucidate the function of GmDNJ, more confirmatory 
experiments should be done on the 2 putative interacting partners. By cloning the 
soybean homolog of 2 interacting partners into expression vector with either GST or 
MBP tag. GST-GmDNJl or MBP-GmDNJ 1 can be use to test the interaction in vitro 
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by using GST an MBP antibody. If the interaction is valid, more experiments can be 
done to find out the relationship between GmDNJl, Ychf-type GTPase/ATPase and 
40S ribosomal protein S20. For example, experiment can be done to test whether 
adding GmDNJl enhance or suppress the GTPase/ATPase activity of OsYchfl. 
Ribosomal binding assay can be done to find whether GmDNJl can bind directly to 
ribosomal (Levy et aL, 2001) 
Moreover, heat stress is always related to generation of ROS and signaling 
transduction. As GmDNJl is greatly induced by heat stress and oxidative stress, 
GmDNJl may be involved in stress signaling. BY2 cell was used to study the 
production of ROS and modulation of antioxidant under heat shock (Locato et al., 
2008). GmDNJl transgenic BY2 cell lines can be used to test whether the generation 
or scavenging of ROS is affected by overexpression of GmDNJl in transgenic BY2 
lines. 
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Chapter 5 Conclusion 
GmDNJl is a type I co-chaperone which contains all important domains for 
peptide binding and stimulation of ATPase activity of HSP70. 
Previously, Dr. Hon-Ming Lab's showed that GmDNJl could help HSP70 to 
refold the heat denatured luciferase into native form. This proves the basic function 
of GmDNJl (HSP40) which helps the HSP70 to refold denatured protein. In the 
expression study, GmDNJl was induced under salt, dehydration, oxidative and heat 
stress and ABA treament. GmDNJl may be responsible for the protein refolding 
during those stresses, which is one of the components in ABA dependent pathway. 
However, ectopic overexpression of GmDNJl does not enhance abiotic stress 
tolerance of transgenic Arabidopsis and Tobacco BY2 celll lines. 
Yeast two-hybrid result may suggest the GmDNJl may function as (1) 
ribosome tether co-chaperone which helps the Hsp70 to refold new polypeptide 
during translation and (2) related to the plant defense response. 
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Appendix I Chemicals and reagents 
Table SI Chemicals and reagents 
Chemicals and reagents Company/Cap no. 
Acrylamide / Bis Bio-Rad 161-0120 
Advantage II Taq DNA polymerase Clontech 639201 
Ammonium acetate Ajax 27 
Ammonium persulfate Bio-Rad 161 -0700 
Ampicillin Sigma A9518 
Agarose GibcoBRL 15510-027 
ATP Boehringer 1266049 
Bacto-peptone Difco 0118-01-8 
Bacto-agar Difco 214010 
Bacto-yeast extract Difco 0127-179 
Barnm Promega R6021 
Bis Sigma M7279 
Bromophenol blue Merck 8122 
Calcium chloride Merck 2380 
Cetyldimethylethylammonium Bromide (CTAB) Sigma A7906 
Coomassie Brilliant Blue R250 Bio-Rad 161 0400 
Diethyl pyrocarbonate (DEPC) Sigma D5758 
Dithiothreitol (DDT) Promega P1171 
EcoRI Promega R6011 
Ethanol Merck 100986 
Ethidium bromide Sigma E7637 
Formaldehyde (37%) Sigma F8775 
Formamide Boehringer 1814320 
Gelrite gellan gum Sigma G1910 
Genetamicin sulfate Sigma G3632 
Glass beads Sigma G8772 
Glucose Ajax 783 
Glycerol Ajax 242 
Glycine Sigma G7403 
Isopropanol Labscan C2519 
Kanamycin, monosulfate Sigma K4000 
Luria Bertani broth, Miller Difco 0446-17-3 
Lyticase Sigma L2524 
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Maleic acid Sigma M0375 
p-mercaptoethanol Sigma M6250 
MES Sigma 3023 
Methanol Merck 6007 
Murashige & Skoog salt mixture (MS) Caisson MSPC0130 
MOPS Sigma M8899 
Phenol-chloroform-isoamylalcohol (25:24:1) Amersco 883 
Polyethylene glycol 6000 Fluka 81260 
Potassium phosphate, monobasic Sigma P5379 
Rifampicin Sigma R3501 
SDS Bio-Rad 161-0302 
Sigma Fast (BCIP/NBT) Sigma B5655 
Sodium acetate, anhydrous Sigma S2889 
Sodium hydroxide Merck 6498 
Surcose Sigma SI888 
T4 DNA ligase Promega Ml804 
Tris (hydroxyethyl) aminoethane Ameresco 0826 
Trypan blue solution (0.4%) Sigma T8154 
TEMED Bio-Rad 161 0800 
Tween 20 Bio-Rad 170-6531 
Xba\ Promega R6181 
X-gal USB 10077 
Xholl Promega R6161 
Yeast nitrogen base without amino acids Difco 291940 
-Leu dropout medium BD Bioscience 630414 
-Trp dropout medium BD Bioscience 630413 
-Leu -Trp dropout medium BD Bioscience S1913 
-Leu -Trp - His dropout medium BD Bioscience 634019 
-Leu -Trp - His -Ade dropout medium BD Bioscience SI914 
77 
Appendix II Buffer, solution, gel and medium formulation 
Table S2 Buffer, solution, gel and medium formulation 
Buffer, solution, gel and medium Formula 
Acrylamide / Bis (30:0.15) Dissolving 60g acrylamid and 0.3g Bis 
in 200ml d d H � � 
Acrylamide / Bis (30:1.5) Dissolving 30g acrylamid and 1.5g Bis 
in 200ml ddHiO 
Agarose gel (1.0%) 1.0% agarose, 1 fxg/ml ethidium bromide 
in IX TAE buffer 
Agarose gel (1.8%) 1.8% agarose, 1 ^ig/ml ethidium bromide 
in IX TAE buffer 
Bromophenol blue loading dye (6X) 0.25% bromophenol blue in 30% 
glycerol 
Coomassie destaining solution 100ml absolute methanol, 25ml glacial 
acetic acid, add ddHiO to 400ml final 
volume 
Coomassie staining solution 0.5g Coomassie brilliant blue G-250, 
5ml absolute methanol and 495 ml 
destaining solution 
Colony-lift assay solution 0.27ml P-mercaptoethanol, 1.67ml 
20mg/ml X-gal stock solution in 100ml 
Z buffer 
Cracking buffer stock solution 8M Urea, 5% SDS, 40mM Tri-HCl 
(pH6.8), 0.1 mM EDTA, 0.4mg/ml 
bromophenol blue 
CTAB extraction buffer O.IM Tris-HCl (pH8), 1.4M NaCl, O.IM 
EDTA (pH8), 2% CTAB, 1% 
polyvenylpyrolidone and 0.2% 
p-mercaptoethanol 
CTAB washing buffer 75% Ethanol with 0.01m NH4OAC 
DEPC treated ddHzO Dissolve DEPC to 1 % in ddHsO and 
treat overnight, then autoclave 
LB agar plate 25g/L LB powder and 15 g/L 
bacto-agar, autoclave 
LB broth 25g/L LB powder, autoclave 
Lyticase solution SU/jil lyticase in 67mM KH2PO4 
78 
(pH 7.5) 
SD/-Leu agar plate 6.7 g/L yeast nitrogen base without 
amino acid, 0.74 g/L -Leu dropout 
medium, 20 g/L bacto-agar, add 2% 
sterilized glucose after autoclave 
SDZ-Trp agar plate 6.7 g/L yeast nitrogen base without 
amino acid, 0.74 g/L -Leu dropout 
medium, 20 g/L bacto-agar, add 2% 
sterilized glucose after autoclave 
SD/-2 agar plate 6.7 g/L yeast nitrogen base without 
amino acid, 0.64 g/L -Leu dropout 
medium, 20 g/L bacto-agar, add 2% 
sterilized glucose after autoclave 
SD/-2 broth 6.7 g/L yeast nitrogen base without 
amino acid, 0.64 g/L -Leu -Tip 
dropout medium, add 2% sterilized 
glucose after autoclave 
SD/-3 agar plate 6.7 g/L yeast nitrogen base without 
amino acid, 0.62 g/L -Leu -Tip - His 
dropout medium, 20 g/L bacto-agar, add 
2% sterilized glucose after autoclave 
SD/-4 agar plate 6.7 g/L yeast nitrogen base without 
amino acid, 0.62 g/L -Leu -Tip -His 
-Ade dropout medium, 20 g/L 
bacto-agar, add 2% sterilized glucose 
after autoclave 
SDS polyacrylamide stacking gel (4%) 0.5ml Acrylamide/Bis (30:0.15), 0.5ml 
1.25M Tris/HCl (pH8.8), 0.05ml 
0.2MEDTA, 0.05ml 10% SDS, 0.04ml 
7.5% ammonium persulfate, 0.006ml 
TEMED, add sterile H2O to 5ml final 
volume 
SDS polyacrylamide separation gel 4.18ml Acrylamide/Bis (30:0.15), 1.5ml 
(10%) 3.5M Tris/HCl (pH8.8), 0.05ml 
0.2MEDTA, 0.125ml 10% SDS, 0.12ml 
7.5% ammonium persulfate, 0.015ml 
TEMED, add sterile H2O to 12.515ml 
final volume 
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SSC (20X) 3M NaCl, 300mM sodium citrate (pH7) 
TAE buffer 4.84 g/L Tris base, 0.1142% acetic acid, 
0.744 g/L EDTA disodium salt 
X-gal stock solution Dissolve X-gal in DMF at concentration 
of 20mg/ml, filter sterilize 
YPDA agar plate 20g/L bacto-peptone, 1 Og/L yeast 
extract, 0.003% adenine, 20g/L 
bacto-agar, add 2% filter sterilized 
glucose after autoclave 
YPDA broth 20g/L bacto-peptone, 1 Og/L yeast 
extract, 0.003% adenine, add 2% filter 
sterilized glucose after autoclave 
Z buffer 8.53g/L Na2HP04, 6.21 g/L NaEbPOg • 
2H2O, 0.75g/L KCl, 0.246g/L MgS04 • 
7H2O, adjust pH to 7 with NaOH before 
autoclave 
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Appendix III Supplementary results 
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Fig. SI Dissociation curves of real time PCR of Tobacco BY2 actin 
(Top), Soybean actin (Middle) and GmDNJl (Bottom) 
Single peak represents one specific amplification of real time PCR 
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Fig. S2 Amplification efficiency of real time primer of Tobacco BY2 actin (Top), 
Soybean actin (middle), GmDNJl (bottom) 
Threshold cycle was plotted against the log concentration of cDNA. Amplification 
efficiency was calculated. E: amplification efficiency 
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